This study investigated the effects of lengthened transitions on the perception of stop consonants. In experiment I, three continua representing the phonetic categories Ida] and [ga] containing transitions of 45, 95, or 145 ms were presented to 20 subjects for both labeling and discrimination. Results indicated that although there was a significant change in identification performance from 95 to 145 ms, the shape of the functions, and the locus and slope of the phonetic boundary did not significantly vary across transition lengths. In addition, discrimination of within-category stimulus comparisons was significantly better at the 95-ms transition length than at 45 or 145 ms. In experiment II, the availability of acoustic information was investigated further with the adaptation paradigm. Eight subjects labeled the 45-ms series before and after adaptation with 45-, 95-, and 145-ms Ida] stimuli. No effect of transition length was found. These results suggest that the slope and duration of formant transitions seem to contribute minimally to the perception of place of articulation in stop consonants.
INTRODUCTION
In the course of research in speech, various paradigms have demonstrated differences in the perception of consonants and vowels. Among other results is the finding that stop consonants are generally perceived more "categorically" than are vowels (Liberman et al.,
1957; Fry et al., 1962; Stevens et al., 1969
). In the ideal case of categorical perception, stimuli varying in equal steps along an acoustic continuum are percelved as belonging to discrete categories. Discrimination functions for these stimuli show a peak at the phoneme boundary and troughs (near-chance discrimination) within categories. Discrimination can be predicted from the labeling functions since subjects are unable to discriminate stimuli assigned to a single phonetalc category. On the other hand, more "continuous" perception is attributed to vowels. Hesults of such studies have shown that vowel perception is characterized by a lack of sharp discontinuities in identification, aed by discrimination that is equally good for all stimulus comparisons {Studdeft-Kennedy et al., 1970).
The hypothesis originally offered to explain this dichotomy in consonant and vowel perception was that there are two separate mechanisms used to process speech, one which uses acoustic attributes of the stimulus .at all stages, and one specially suited to converting acoustic information from, e.g., a stop consonant into a phonetic label. The specialized speech processor was thought to literally "strip away" the acoustic information from a stimulus in making the identification, so that such information was no longer available (Liberman• Martinfly, and Turvey, 1972).
An alternative hypothesis, offered by Fujisaki and Kawashima (196õ), is that the differences attributed to consonant and vowel perception are due to the intrinsic nature of the stimuli and not to the mechanisms which presumably process these stimuli. ing the responses of a single group of subjects to both 50-and 300-ms vowel continua, found that identification of both continua showed sharp boundaries, but that the long vowels were discriminated better than the short. The difference between obtained and predicted discrimination was also greater for the long vowels. suggest that it is the brief duration of the transitions rather than their frequency modulation which is the critical factor in the perception of these consonants for the dysphasic children. In addition, it suggests that changes in the duration of form ant transitions in stop consonants may affect the nature of their perception.
It is the object of this experiment to explore the effects of lengthened transitions on the perception of stop consonants. To this end, both labeling and discrimination ability of subjects will be compared across three transition lengths.
I. EXPERIMENT I
A. Method
Stimuli
We originally attempted to construct stimuli similar to those described by Tatlat-and Piercy (1975) 
Sub/ects
Subjects were native speakers of English associated with Brown University who had no known speech or hearing impairments.
Because we were interested in the effects of leogthened transitions on categorical perception, we eliminated all subjects who were unable to label the 45-ms stimuli in terms of two discrete categories. Twenty-five subjects were run; five were eliminated from this group because they did not meet the selection criterion.
3. Procedure Subjects were tested individually or in groups no larger than four in a reasonably quiet room using a Revox A 77 tape recorder and Koss Pro/4AA headphones set at a comfortable listening level. Subjects who had never heard synthetic speech before were given a brief listening practice to familiarize them with the stimuli, and all subjects heard the entire continuum at least twice before they took the labeling test for each transition length.
All subjects were presented the 45-ms transition length stimuli first, counterbalanced across subjects for task order Qdentiiication and discrimination). The presentation of the remaining tests was counterbalanced for transition length (95 and 145 ms) and task (identification and discrimination) with the limitation that identification and discrimination tasks for a particular transition length were not separated.
For the identification tasks, subjects were instructed to circle the phonetic category heard, i.e., either [d] or [g], on the answer sheet provided. They were told to respond to each item and to guess even if unsure. In the discrimination task, subjects were told that they would hear four stimuli in two pairs, with three of the four stimuli being identical. They were asked to circle on the answer sheet the number of the pair {I or II) containing the two stimuli which were not identical.
Results
The results of performance on the identification task for the three transition lengths are shown in Since overall performance in this experiment was extremely good, it is possible that the significant interaction is due to a ceiling effect on discrimination of comparisons 2-4 and 3-5. That is, performance on these comparisons may already be so high at 45 ms that subjects cannot show much improvement at longer transition lengths. All other comparisons were nonsignificant.
In order to determine whether the improved discrimination for 95-ms transition stimuli was due to a learning effect, i.e., all subjects received 95 ms transitions stimuli after at least one session with synthetic speech,' we compared the performance of the group that received the stimuli in the order 45-95-145 ms to the group receiving the order 45-145-95 ms. In both cases, 95-ms performance was best, then 145 ms, and worst was 45 ms.
B. Discussion
The results of this study suggest that lengthened transitions minimally affect the perception of stop consonants. In particular, although there was a difference in performance in the labeling task between 95-and 145-ms stimuli, the overall shape of the functions as welt as the locus and slope of the phonetic boundaries remained constant across the three transition lengths. Similarly, for discrimination, the differences across transition lengths were due exclusively to the 95-ms transition length stimuli. Thus, they were discriminated overall better than the 45-ms transition length stimuli. All of these studies measuring cross-series adaptation effects have used phonetically equivalent stimuli varying in either syllable structure, stimulus structure (i.e., presence versus absence of bursts or transitions) or a particular stimulus attribute (e.g., moving vs iixed transitions). In this study we have maintained all of these characteristics while varying an acoustic component of a cue to place of articulation, i.e., transition length. It might be expected that an adapting stimulus with a different transition length from the test continuum would give less adaptation than a stimulus from the continuum. However, the spectral similarity at stimu- In most studies, the cross-series effect has been shown to be quite sensitive to nonphonemic acoustic differences between adapting stimulus and test continuum. However, the results of this study suggest that the size of the adaptation effect does not depend on point-by-poin• acoustic isomorphism of adapting and test stimuli when nonphonemic variation of transition Iength is introduced in the adapting stimuli. The results also suggest that, although transitions seem to serve as primary cues to place of articulation, the slope and duration of transitions contribute little information to this phonetic dimension. In fact, recent research has suggested that invariant cues for place of articulation in stop consonants are derivable from the overall shape of the spectrum at stimulus onset (Fant, 1960; Blumstein and Stevens, 1976; Stevens and Blumstein, 1976, 1977 which has a compact midfrequency spectral peak. In the present study, although the slope and duration of F2 and F3 of the adapting stimuli change across the three transition lengths, the onset frequencies are identical and the overall shapes of the spectrum at onset are virtually the same. Owing to the near-identity of these spectral cues for the adapting stimuli, one might expect to find no differences in adaptation effects.
III. CONCLUSIONS
The results of the two e•periments conducted in this study indicate that F2 and F3 transition length has little systematic effect on the perception of the place of articulation dimension. In experiment I, performance on the identification task was significantly different only between the 05-and 145-ms transition length series. Experiment I also showed that within-category stimulus pairs with 95-ms transitions are discriminated significantly better than those with 45-and 145-ms transitions.
These results neither support nor refute Fujisaki and K•washima's cue-duration hypothesis. The hypothesis is p•rtially supported by the significant differences found between 45 and 95 ms especially by the finding that the discrimination improvement was due to performance on within-category comparisons. However, there was no systematic improvement at progressively longer transition lengths. In fact, the significant differences found are all due to the 95-ms transition length stimuli, and performance at 145 ms is not significantly different from that at 45 ms.
Yet 145 ms is still much shorter than the duration typically used for vowel stimuli in experiments with synthetic speech--about 250 ms and longer. Thus it seems that the long durations which resuit in more continuous perception for steady-state vowels do not produce a similar effect when used for formant transitions of stop consonants.
Owing to the results obtained in experiment I, where subtle differences were found for discrimination, we attempted to investigate, in experiment II, the effects of lengthened transitions with the adaptation paradigm, a paradigm that seems especially sensitive to acoustic differences among stimuli. Results, however, showed that transition length had little effect on the perception of place of articulation. Thus, the acoustic differences demonstrated perceptually in experiment I were not shown using the adaptation paradigm.
In conclusion, slope and duration of formant transitions seem to contribute minimally to the perception of place of articulation in stop consonants. 1It has recenUy been hypothesized that the differences between consonant and vowel percepUon are due to r•uge effects intrinsi½ to the stimulus sets used (Ades, 1977) 3The additional stimulus comparison was included only because of limitations on the computer program being utilized, and subjects' responses on these discriminatioas were not scored.
